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Abstract 

In a 331 model in which the lepton masses arise from a scalar sextet it is 
possible to break spontaneously a global symmetry implying in a pseudoscalar 
majorondike Goldstone boson. This majoron does not mix with any other 
scalar fields and for this reason it does not couple, at the tree level, neither 
to the charged leptons nor to the quarks. Moreover, its interaction with 
neutrinos is diagonal. We also argue that there is a set of the parameters in 
which that the model can be consistent with the invisible Z°-width and that 
heavy neutrinos can decay sufficiently rapid by majoron emission having a 
lifetime shorter than the age of the universe. 
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I. INTRODUCTION 



In chiral electroweak models neutrinos can be massless at any order in perturbation 
theory if both conditions are supplied: no right-handed neutrinos are introduced and the 
total lepton number is conserved. If we do not assume the lepton number conservation 
we have two possibilities: we break it by hand, i. e., explicit breaking or, we break it 
spontaneously. The later possibility implies the existence of a pseudoscalar Goldstone boson 
named majoron which was firstly suggested in Ref. |l| where a nonhermitian scalar singlet 
(singlet majoron model) was introduced, and in Ref. where a nonhermitian scalar triplet 
was introduced (triplet majoron model). Since the data of LEP || the triplet majoron 
model was ruled out. The original model only considered one triplet and one doublet. In 
that model the majoron is a linear combination of doublet and triplet components but it is 
predominantly triplet. Hence, the lightest scalar (R°) has a mass which is proportional to the 
VEV of the triplet and for this reason it is very small. Once we have the decay Z° — > R°M°, 
where M° denotes the majoron, and since the only decay of the light scalar is R° — > M°M° 
there is an extra contribution the Z°-invisible width. Its contribution is exactly twice the 
contribution of a simple neutrino. Since the Higgs scalars have only weak interaction they 
escape undetected. Hence, any experiment that counts the number of neutrino species by 
measuring the Z°-invisible width automatically counts five neutrinos HU . 

There are also possibilities involving only Higgs doublets, charged singlet scalars but they 
also need to include Dirac neutrino singlets. The minimal model of this sort was proposed in 
Ref. II where an extra doublet scalar carrying lepton number was added (doublet majoron 
model). The new doublet does not couples to leptons. The LEP data implies that at least 
a second doublet of the new type has to be introduced [0]. In this sort of models since there 
are at least three doublets the lightest scalar R° can be assumed naturally to be heavier 
than the Z° avoiding the decay Z° — > R°M°. In this majoron doublet model the lepton 
number violation take place at the same scale of the electroweak symmetry breaking. It is 
also possible to consider a majoron model with one complex singlet, a complex triplet and 
the usual 5'?7(2)-doublet |J. In this case the majoron can evade the LEP data since it can 
be mainly a singlet. 



II. THE MODEL 



Here we will consider a model with SU(3)c <E> SU(3)l <8> ?7(l)jv symmetry with both 
exotic quarks and only the known charged leptons |J. In this model in order to give mass 
to all fermions it is necessary to introduce three scalar triplets 
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Although we can assign a lepton number to the several scalar fields we prefer to use 



the global quantum number T = L + B |H|. It is clear that the model needs only one 



global quantum number and not four as in the standard model i.e., family lepton number 
Li, (i = e,/j,,T with L = J2iLi) and the baryonic number B. The quantum number 
T coincide with L and B for the known particles but implies the assignation of a single 
quantum number to the other particles. 

The most general gauge and T conserving scalar potential is 

V = pWv + p\p X P + V&X + fiTrflS) + Xiirfr,) 2 + A 2 (p t p) 2 + X,{x ] xf 

+ rfr][\^p + A 5 x f x] + -W 1 p)i.x ] x) + p)(p ] v) + V^xXx^) + A 9 (p t x)(x 1 p) 

+ A 10 (Tr^S) 2 + AnTr[(5tS) 2 ] + Tr(tf S)[X 12 (rf V ) + X 13 ( X j x) + Ai 4 (pV)] 
+ [\i^ k Xl {S X ] ) 3 rik + X le e ijk Pi (Sp^ jVk + X 17 e ijk e lmn SuS jm rj nVk + H.c] 



+ XisX^SS^x + XigrfSS^r] + X 2 op i SS^ p + 



^ k ViPjXk + jX T S j p + H.c. 



(2) 



Terms like the quartic (x X v)(.P Xr l)i X^V^Pj V^V^ViXpSS and the trilinear rjS^rjjSSS do 
not conserve the T quantum number (or the lepton L) and they will not be considered here. 

The minimum of the potential must be studied after the shifting of the neutral compo- 
nents of the three scalar multiplets. Hence, we redefine the neutral components in Eqs. ([!]) 
as follows: 

r ] °-,-L(v v + R° + i I°), p^±=(v p + Rl + ill), x^^= 2 (v x + Rl + l ll), (3) 
and 

°" ~" 72 ( Vai + R ° 4 + u ^ ' a ° 2 72 ( v<72 + R ° 5 + u ^ ' (4) 

where v a (with a = rp p, X , ci, cr 2 ) are considered real parameters for the sake of simplicity. 
The T number attribution is the following: 

HU-) = HV-) = -HJi) = H-hs) = Hp~) = Hx~) = Hx~~) 

= T{al) = T(h 2 ) = HHr) = HHD = 2, (5) 

where J\ {J 2 ^) are exotic quarks of charge 5/3 (-4/3) present in the model and we have 
included them by completion. For leptons and the known quarks JF coincides with the total 
lepton and baryon numbers, respectively. All the other fields have JF = 0. As we said before, 
all terms in Eq. (|2|) conserve the T quantum number. However, if we assume that (a®) ^ 
we have the spontaneous breakdown of T and the corresponding pseudoscalar, the majoron 
M°, as we will show below [|TT|j . 

In a model with several complex scalar fields, as is the case of the 331 model ||, if 
the lepton number is spontaneously broken one of the neutral scalars is a Goldstone boson 
associated with the global symmetry breaking. With respect to the SU{2)l <8> U(l)y gauge 
symmetry, this model has naturally three doublets: (p + ,p°) T , (r]°,r]~) T , and (h + ,a 2 ) T ; one 
triplet: 
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and two singlets: x 2 an d X°- 

The mass matrix in the real sector in the basis (Ft®, R®, R®, R®, R$) T , is given by the 



symmetric matrix 
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m 3 4 = —v x v ai , 



(7) 

The tadpole equations t a where a — rj, p, x, &i, &2 are given in the Appendix. The conditions 
for a extreme of the potential are t a — 0. Assuming that the matrix above is diagonalized 
by an orthogonal matrix O, the relation among symmetry (72?) and mass (77°) eigenstates 
is R® = OijHj] i,j = 1,2,3,4,5. The masses m H . can vary, depending on a fine tuning 
of the parameters, from a few GeVs till 2 or 3 TeV (typical values of the energy scale at 
which the break down of the SU(3)l symmetry does occur). Also the arbitrary orthogonal 
matrix O is not necessarily almost diagonal. Denoting the lightest Higgs as H\ two extreme 
possibilities are compatible with the LEP data: 77 4 = (O" 1 )^!!® + • • • , with (C" 1 ) 4 i <C 1, 

if m Hl < M z ; or R A 77° H , that is (C , ~ 1 ) 4 i 1, if M Hl > M z . Intermediate values for 

the mass and the mixing angles have been ruled out by the LEP data (see below). 
The symmetric mass matrix of the imaginary part in the basis (7°, 7°, 7°, 7°, 7°) T reads 
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M 22 = + M*^) + ^, M 33 = -kV2/ lU?? + f 2 vS- + 

8 f p 2v p 8 f x 2i> x 



2u. 



/i /i ^15 /a 

M 23 = -^(v^/i^ + M,,), M 24 = 0, M 25 = ^v x , M 34 = 0, M 35 = ^ p , 

o o o 

M 45 = 0. (8) 

In Eqs. (0) and (|j) when all v a ^ 0, a — rj, p, x, &i, &2 then we can use £ a = 0. In Eqs. (§) 
there are three Goldstone boson. Notice however that since M 4i = 0, the component J 4 has 
a zero mass, ie., it is an extra Goldstone boson which decouples in the sense that it does 
not mix with the other CP-odd scalars. Hence, I 4 is the majoron field. Hereafter it will be 
denoted M°. The sub matrix 4x4 has still two other Goldstone bosons which are related 
to the masses of Z° and Z °. Hence, although the majoron in the present model is a triplet 
under the subgroup SU (2) it does not mix with the other imaginary fields. 

Hence, as in the singlet majoron model ours has no couplings with fermions (charged 
leptons and quarks). Moreover, as we said before, the real component can be heavier than 
the Z°. It is easy to understand this. If v a o = 0, the tadpole equation in Eq. (A4) must be 
replaced in the mass matrices in Eqs. (|7|) and (|S|). In this case the a® fields consists of two 
mass-degenerate fields R® and I 4 with mass 



2 2 \ 2 i l/\ \\2, ^13 2 i ^18 2 



The mass in Eq. (0) can be large because it depends on v\. When v ai ^ is used, the 



degeneration in mass of _R 4 and J 4 is broken, the imaginary part becomes the majoron and 



l 4 ouu -t 4 is broken, the imaginary 
the real part has a mixing with the other real neutral components, which include several 
fields transforming under SU{2) L ® U(l)y as doublets, (r/ , p°, a%), and one singlet, 
This also happens in the one-singlet-one-doublet-one-triplet model when the triplet does 
not gain a VEV (T^j. Notice that unlike v ffl , if v a , 2 = the condition in Eq. (A5) forces 



/ 2 = 0. All the other VEVs has to be nonzero in order to have a consistent breaking of the 
SU(3) symmetry. 

III. PHENOMENOLOGICAL CONSEQUENCES AND CONCLUSIONS 

In the present model the interaction of the majoron with the Z° ( which is of the form 
Z°M°H°), is given by 

04 . (^zli Mw{pmo _ pj) ^ (10) 

c w 
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where pm° and pj are the momenta of the majoron and the physical real scalars H®, respec- 
tively. We see that if it is allowed, the contribution of the decay mode Z° — » H®M°, where 
Hi is the lightest Higgs scalar, is 2|(9 41 | 2 times that of the neutrino antineutrino. Hence, 
as we said before, the value of the mixing matrix element is constrained appropriately: 
20fj- ~ 10 -4 , to make the model consistent with the LEP data i.e., now Y z — » H®M° (where 
H® is assumed the lightest scalar) could be reduced to an acceptable level. More interesting, 
however, is the fact that in this model the Z° — > H®M° might be kinematically forbidden 
since Hi can be heavier than the Z° as it was discussed above. 

It is well known that if neutrinos are massive particles the thermal history of the universe 
strongly constrains the mass of stable neutrinos, i.e., m„ < 100 eV for light neutrinos or 



a few GeV for heavy ones |13fl . One of the ways in which the cosmological constraints on 
neutrino masses can be altered is when the lepton number is broken globally given rise to the 
majoron field: heavy neutrinos can decay sufficiently rapid by majoron emission, thereby 



given negligible contributions to the mass density of the universe ||14|. Let us denote 



[yi) heavy (light) neutrinos and look for v — > v' + M° decays in the present model. Those 
decays, as in the triplet majoron model, are completely forbidden at the tree level too (there 
is neither v — > v' + 7 nor v — > 3z/ decays at the lowest order). 

Here we will denote, as usual, W + the vector boson which coincides with the respective 
boson of the standard model, i.e., it couples to the usual charged current in the lepton 
and the quark sectors and also satisfies M^/M| = c^; and V + denotes the vector boson 
which couples charged leptons with anti-neutrinos or the known quarks with the exotic 
ones. If the lepton number is not spontaneously broken W + and V + do not couples to one 
another. However, a mixing between both W + and V + arises when the lepton number is 
spontaneously broken. Let us consider this more in detail. In the basis (W + V + ) T the mass 
square matrix is given by 



( A + v 2 p /2 V2v ai v a2 
4 \V2 v ai v a2 A + v 2 x /2 



(11) 



where A = {v 2 + v 2 2 + 2v 2 .J/2. We see from Eq. ( |TTD that if v ai = there is no mixing 
between W + and V + . The mass eigenstates are given by = UijB^ , where i, j = 1, 2 and 
Bi = W + , B2 = V + and the orthogonal matrix is given by (N is a normalization factor) 



1 



-y/4b* + (r-s)2 



2b 




where r = v 2 p /2, s = v 2 /2 and b = \[2v ai v (J2 



This mixing may have interesting cosmological consequences since there are interactions 
like K,(g 2 / \^2)lz J 'j^u c W~ . Notice that its strength depends on the small parameter k oc 
v ai v a2 /v 2 and it cam be neglected in the usual processes. In fact, the model has three 
different mass scales since v ai < t/j < w x with Vi = v v ,v p ,v a2 |I5| . It means that Wi ~ 
W + , W£ ~ V + with Mw/MgCw compatible with the experimental data if v ai < 3.89 



GeV [15]. However, the mixing between W + and V + is interesting once there are new 
contributions to the majoron emission. In fact, because of the W + W~ M° vertex we have 
the neutrino transitions [yh)h —* {^i)lM°; because of the vertex V + V~M° we have anti- 
neutrino transitions (vh) R — > (vi) R - Both contributions could be negligible since they are 
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proportional to v ai . More interesting is that it is possible to have neutrino-anti-neutrino 
transitions like the decay {vh)L ~~ > { v i)rM° mediated by the mixing between W + and V + as 
it is shown in Fig. 1. This diagram is ultraviolet finite in the Feynman gauge and depends 
quadratically on a low energy scale that we have chosen, conservatively, as being the m T 
mass. The latter process implies a neutrino width which is, in a suitable approximation, 
dominated by the tau lepton contribution and is given by 

1 i4|k \2\y |2 3 ™4 2 ( 



• ^G%\K.^\K Tl \><<v'„ ^) (13) 

where we have neglected a logarithmic dependence on m Vh [y^ can be v T or with v\ = u^, u e 
in the first case and V\ = v e in the second one). With reasonable values for the masses in 
Eq. (|T3"D, that is m Uh « 1 MeV for the case of the tau- neutrino and My « 400 GeV we can 
get a width of the order of 10 30 MeV (up to the suppression of the mixing matrix K). The 
age of the universe has a correspondent width of 10 39 MeV, thus it means that the decay 
can have a lifetime less than the age of the universe and could be of cosmo logical interest. 
From the cosmological point of view there are also the processes + — > M° — > v\ + V\ 
and vi + vi -»• M° + M° which occur at the tree level approximation. The cosmological effect 
of these processes are the same as in Ref. J|. 

If the parameters in this model are such that the majoron is irrelevant from the cos- 
mological point of view, there is still the possibility that the majoron may be detected 
by its influence in neutrinoless double beta decay with majoron emission nn — > e~e~M° 
(denoted by (P/3)q v m)- However it needs the majoron-neutrino couplings in the range 



m vl^(jx ~ 10 — 10 in order to have the majoron emission experimentally observable fCE 



Notice that in the present model the accompanying + scalar, which is by definition the light- 
est scalar H®, may not be emitted in (f3fl)ovM if it is a heavy scalar or it is very suppressed 
by the mixing factor. 

In our model both, the usual neutrinoless (/3/3)oi/ decay and also the decay (PP)ouM, have 
new contributions. If T is conserved in the scalar potential or v ai = the mixing among 
singly charged scalars occurs with rji and p~ and between and x~ ■ However if we allow 
T breaking terms in the scalar potential or v ai ^ there is a general mixing among the 
scalar fields of the same charge. For instance, the trilinear term f2X T S^p in the potential 
in Eq. (0) implies the trilinear interaction ^2^2 ^2 X ++ an d since there is a general mixing 
among all scalars of the same charge it means that there are processes where the vector 
bosons are substituted by scalars since the vertex h\e~v does exist and h\ mixes with all 
the other singly charged scalars. There are also trilinear contributions arisen because of the 
vertices W~V~H^ + and h 2 h 2 H^ + as in Refs. 011]. Tnere is also tne vertex h^h^M 
contributing to the (Pfl)o V M- It seems that the analysis of both ((3(3)o v and {(3(5)o v m decays 
is more complicated than that that were considered in Ref. Hl5j|l9[ . 

There are also phenomenological constraints on majoron models coming from search in 
laboratory of flavor changing currents like /i — > e + M° |20] or in astrophysics through pro- 
cesses like 7 + e — > e + M° which contributes to the energy loss mechanism of stars [|J. 
However, in the present model the majoron couples only to neutrinos, for quarks and elec- 
trons the couplings arise only at the 1 loop level. Hence, all these processes do not constraint 
the majoron couplings at all (at the lowest order). The interaction of the majoron with neu- 
trinos is diagonal in flavor. The coupling between the majoron and the real scalar field H®, 
of the form M°M°H°, is 
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iC 4 j(Ai + A 



11; 



Y 



(14) 



which is a small coupling. Note that since the majoron decouples from the other imaginary 
parts of the neutral scalars there are no trilinear couplings like M°A°Hj where A denotes 
a massive pseudoscalar, hence the model does not have the phenomenological consequences 
in accelerator physics as the seesaw majoron model does [12| . 

Finally a remark. Here we have assumed that there is no spontaneous CP violation. 
Hence, all vacuum expectation values are real. If we allow complex VEV it has been shown 
that CP is violated spontaneously ||21|| . If this is the case we have a mixing among all the 
scalars fields and also the majoron mixes with all the others CP even and CP odd scalars. 
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APPENDIX A: CONSTRAINT EQUATIONS 
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FIGURES 




FIG. 1. One loop contribution to the process vl — ► + M°. 
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